LA-UR -81-1556

TITLE: PRETEST AND POSTTEST CALCULATIONS OF SEMISCALE TEST 5-07-10D
WITH THE TRAC COMPUTER PROGRAM

AUTHOR(S) K. H. Duerre, G. E. Cort, and T. D. Knight

SUBMITTED TQ: American Nuclear Socicety Specialists Meeting
on Small Break lLoss ol Coolant Accident Analysis

in LWR's, Monterey, CA, August 25-27, 1981

PRI —— ] T ]

By s ceptanee of thsartec ey the paabibishis oo et e
UG Governnent mtmns a nones busive, roystty five fisnse
10 pubbish ot teproduce the pablnbed Tem of ths conteh
fon, ot o altow ottuas o do s, for U S Goversenen g pepe
PRINY

The Cos Alamoy Sowntehie | abortory seaupests tht the g
bt wwenpedy the gt le ae work e dorawd aoder e aon
prees of the U Dispgrtamany of | neggy

lg
c
| %
O
“—
«©
O
V-
o
P
=
[/p)
|
()]
.Z
c
=

i OF THS SCRAENY 18 S “w?\

LOS ALAMOS SCIENTIFIC LABORATORY

Post Office Box 1663 Los Alamos, New Meaxico 87545
An Affirmative Action/Equal Opportunity Employer

form No. 83 1) NITEE ST ATES

81, Non, 2029 NEPARTIMENT OF §N) HIGY
121 CONTHALY W JADR ENBL e


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


PRETEST AND POSTTEST CALCULATIONS OF SEMISCALE TEST S-07-10D
WITH THE TRAC COMPUTER PROGRAM*

K. H. Duerre G. E. Cort
Technical Engineering Support Group Technical Engineering Support Group
Los Alamos National Laboratory Los Alamos National Laboratory
Los Alezmos, NM 87545 Los Alamos, NM 87545
Telephone: (505) 667-7376 Telephone: (505) 667-5726

T. D. Knight
Safety Code Development Group
Los Alamus National Laboratory
Los Alamos, NM 87445
Telephona:  (505) 667-3113

ABSTRACT

The Transient Reactor Analysisy Code [TKAC) developed at tne [os Adamas,
National Laboratory was useu to predict the behavior of the small brcan oaper
iment designated Semiscale S 07 10D, This test simglates o 16 per cent Commg
nicative cold-ley break with delayed Fmergency Core Contant injectron and
blowdown of the broken--loop steam generator secondary,  Both pretost calogin
ticns that incorporated measured imitial conditions amd posttest caloagly®anne,
that incorpor-ated measured initial conditions and meanar ed transent bhoan fay
conditions were completed,

The posttest calzulated parameterys were genesally between thone abtgimed
trom pretest calculations and those tram the test daca,  The rogg ity e
strongly dependent on depressurization vate and, hence, on break flov, Ine
calculated rosults appear to bhe conservat ive: that is, higher clad temper atar e
are calculated that are the result of fastm depreowsarazation, The code
appeary to calculate corve tly trends  n the data, e luding the man, gt
bution of liguid (although slight 1y « Touded by the small mabo gp low that wae
not modeled) . We beijjoye that the comparyson of caloalatod and me gy ol re
sults would be dmproved it g cratical flow mode]l had been avatbab st the
small break,

*Ihls work wan performed under the ausproes of the IS N lear Regulaton y
Commiye ton,



I. INTRODUCTION

The Semiscale test program is designed to prcvide coupled thermal-
hydraulic effects data from a scaled Pressurized Water Reactor (PNR).1 The
volumetric scaling is approximately 1:3000. The data are used to assess the
ability of computer codes to predict the Loss-of-Coolant Accident (LOCA) re-
sponse of a PWR,

The Transient Reactor Analysis Code {TRAC) computsr program is a state-
of -the-art, best-estimate code developed at Los Alamos.¢ Although the code

was designed primarily for the analysis of large-break LOCAs, it can be applied
directly to a wide variety of analyses, including the Small-Break Experiment
(SBE) described here. Comparisons are given in this paper of TRAC predictions
vs preliminary data obtained from the Semiscale test designated S-07-100.

This test simulates a 10 per cent communicative cold-leg break with delayed
Emergency Core Coolant (ECC) injection and blowdown of the broken-loop stcam-
generator secondary,

Two sets of calculations were performned.

1. Pretest calculations with TRAC-PIA that incorporated measured ini
Lial conditions ,* and

2. Postlest calculations with TRAC-PDZ? that incocporated measured ini
Lial conditions and moasured transient boundary conditions,

1. MODEL DLSCRIPTION
Ao Physical Model

The Semisgale Mod 3 model iy shown o Fag. 1o The intact Toop was de
signed to represent three ot the tour loops narmally associated with a PRk,

B, TRAC Fretest Modeld

Thas calculative model is shown in Fig, ? and consiasts of 26 component:,
identitiad in Table 1. The components have ¢ total of ¢22 cella, AL compo
nents are one dinensional except the veasel, whieh is three dimensional,  The
hreak oritice was represented by a flow area rostedction in the syde tube of
component, 24, a tee,  The side tubes of components 26 and 27 (the broken loop
stean generator steam Tine) used fully tmplicit pumerics,  The rematning com
ponents were semi fmplicit,  The accumalator valve, component 11, wan indtially
tripped apen on pressere and then changed on vestart to a check valve,  Buailt
in Semiscale pump curves were used for both pumpe,,

The measured inftial conditions tor the protest caleulations were hased on
semiscale 5 07 108 rather Lthan 5 67 100, The ditference is not signiticant,
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TABLE 1

SYSTEM MODEL COMPONENTS

Intact-loop
Intact-loop
Intact-loop
Intact-loop
Intact-loop

Pressurizer
Intact-looup
Intact-loop
Intact-loop
Intact-loop

Intact-loop
Intact-loop
Intact-loop

Description

hot leg

steam generator
pump suction
pump

cold leg

steam-generator teedwater
steam-generator steam line
steam-generator hack pressure
ECC injection line

accumulator valve
accumul ator
High Pressure Injection System

and Low Pressure [njection System

Broken-loop
Broken Toop

Woken Joop
Broken Toop
Broken Toop
Broken loop
hroken toop

Broken loop
Smali break

hot leg
stean generator

pump suction

pump
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Steam generator Coedwatler
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Figure 3 shows the vessel nodalization. The following Semiscale compo-
nents are repre¢ ...cd by the vessel: the inlet annulus, the downtomer, the
upper and lowe. plenums, the core, and the upper head. The vessel was modeled
with two radial rings, two theta segments, and 19 vertical levels. The rore
was located in ring 1, levels 4 through 12. The high- and low-powered rods in
Semiscale were modeled as hot rods in each of the two core channels with
correct peaking factors specified. Reflood fine-mesh noding (7.62 cm intervai)
in the core was tripped at the beginning of accumulator injection. Re-entrant
pipe components 51, 52, and 53 represented the inlet annulus-to-upper head
bypass, the core support tube simulators, and the guide tube simulator,
respectively.

C. TRAC Posttest Model

The posttest input was basically the same as that for the pretest model.
The broken-loop Ssteam-generator Steam line (component 27) was removed from the
pretest model, and measured pressure was specified at break component 2?8 to
better simulate the blowdown transient. Several minor changes were made to
the pretest model, the most significant being the addition of friction to the
core and downcomer. Table 1] gives a brief summary of these changes.

The model was based primarily on Semiscale Mndu? 2rawings.3 with addi
tional information obtained from Semiscale documents, @5 °¢

IF1.  STLADY STATE CALCULATIONS

The TRAC gencralized steady-state option was used for both calcultion
sets. A stagnant, isothermal condition was the starting point tor the steady
state calculation, followed by real. time runs of 110 s for the pretest run and
180 s tor the postiest run,  Table 111 gives the measured inttial conditions
for the transient and corresponding conditions specified or calculated by TRAC,
The specified conditions tor the pretest run were obtained trom Semiseale tose
S-0/-106, (Ref. 4) whach diftercd shightly from the initial conditions of
semiscale test 5 07100 (Rets, b and Y 10) shown in Table |11,

Ihe steam-generator steam side boundary conditions werve not accurately
hnown, 0 this component was isolated and Lrial runs were made Lo achieve the
correct primary exit fluid temperatuwre,  Specifying the known dome prosan e
and a change of tube material for the postiest case caused the ditferant im
tial conditions for the steam genevators shown in Table 111,

IV, TRANSTEND RESULTS

The test was Inftiated with the opening of the wmall br2ak and proceeded
untal approximately 750 «0 0 Several teaps were inftiated 1 s aftor pressuragnr
proysure deopped to 12,41 MPa,  Core power decay began, the pumps began coast
down, and the steam generator feodwater valves began to ¢lose,  The intact Toop
stoam generator steam valve closed after 20 s, The pressure supprossion system
reduced break prossure during the interval 50 to 1h0 s, The Manual tmervgency



TABLE II
CHANGES MADE BETWEEN THE PRETEST AND POSTTEST TRAC SEMISCALE MODELS

The pretest model was run with TRAC-P1A. The posttest model used
TRAC-PD2.8

The axial nodalization in the heater rods was modified to conform to
differing input requirements between the two TRAC versions and to match
the locations of computed temperatures with the thermocouple locations.

Additive loss coefficients simulating friction were added to the core
and downcomer. These were based on pressure drop measurements from the
Semiscale :aseline test series.

Small changes were made in the vessel radius to match closely the
as-built volume.

The additive loss coefficient in the pioe leading to the break was
increased by one-third to reduce break flow.

The material properties for the steam generator tubes were changed to
correspond with Inconel 600 alloy rather than Inconel 718.

Changes to the uncertain flow resistance in the broken-loop steam line

were eventually abundoned after preliminary calculations. Instead, the
steam dome pressure wos specified Lo be equal to the measured value for
the trdnsient,

ATRAC PD? contans major improvements in the areas ot reflood heat transfoer,
sotution strategy, numerics, constitutive velations. and numerical masy
conservation,



TABLE I1I

SEMISCALE TEST S-07-10D INITIAL COMDITIONS

Parameter
Nominal System Pressure (MPa)

Intact-Loop Fluid Temperatures (K)
Hot leg
Cold leg

Broken-Loop Fluid Temperatures (K)
Hot leg
Cold leg

Flow Rate (kg/s)
Intact loop
Broken loop
Upper head bypass (%)

Total-Core Power (MW)

Radial peaking factor (high-power

rod above low-power rod)

Pump Speeds (raa/s)
Intact loop
Broken locp

Pressurizer Liquid Mass (kq)

Intact-Loop Accumulator
Pressure (MPa)
Actuation pressure (MPa)
L 1qud vulunwl(mj)
Gay volume (m)
Temperature (K)

Steam Genevator Secondarics
Intact Loop Steam Donie
',"l."ﬂll"'l! (Ml‘ ] )
Temperature (K)

Broken-Loop Steam Dome
Pressure (Mba)
Temperature (K)

AWagt S 07 106 Wad thiv nigher peaking tactor,

Calculated
Test Pretest =~ Posttest
15.73 15.701 15.73
593 541.6 593.0
556 585.7 55%6.9
591 59].6 593.7
558 556.7 562.8
7.45 7.541 7.474
2.2/ 2.315 v.246
4.2 4.7% 4,78
1.926 1.94 1.927
1.5 1.62444 1.57
240 e 4
lorob 147+ 1377
10.4 y.1q 10,33
3100 7.4 200
1.6 1.4y 1.6
0.04% 0.u4% (0. 044
0.0:h 300 o'
Jou ) 300
b.ab b, dn/ b,h/4
W4 Al h ha4
6.0 h.a8s . ih
] had hiy?

"This higher value was not veported antal calculations were comploeted;
however, the ettecl on measired results wan Judged to be invignbticant

(Ref. Y),



Core Cooling System (ECCS) injection was delayed until elevated cladding tem-
peratures occurred in the core. The Low Pressure Injection System (LPIS)
injection was initiated at the same time, but significant LPIS flow did not

begin until approximately 100 s after the ECCS injection and after the core
had quenched.

Table IV 1ists measured and calculated times for occurrence of significant
events during the transient. In Figs. 4-18, the solid 1ine is the posttest
calculation; the test results and the pretest calculations are dotted lines
with circle and triangle symbols as indicated.

Figure 4 shows the upper plenum pressure. The pressure at saturation is
overpredicted and the changes in slope of the calculated pressure transient
after saturation (30 to 400 s) are not matched by the data. The overprediction
is related to the higher than measured hot-leg temperatures (Table III), but
the changes in slope cannot be explained. All of the five calculative methods
used to simulate this test showed thi1s same general tendency in slope of the
upper plenum pressure, anc none matched the slope of the measurement in this
time interval.? The pressure increase about halfway through the transient
corresponds to the beginning of core quench. Note that the posttest results
are between the pretest and the test results. A one-third greater loss coef-
ficient in the side tube of the tce adjacent to the break and the inclusion of
friction in the core and downcomer contributed to the 40 s delay in the pust-
test oressure rise compared to the pretest case. The ECCS injection was
triggerea on pressure, 1.45 MPa for pretest and 1.6 MPa for posttest. The
delay would have been even greater if the trip had occurred at 1.6 MPa in the
pretest calculation.

Figure 5 shows the accumulator volume flow. In the pretest calculation,
accumulator flow was initiated by a 1.45 MPa system pressure trip at 368 s
compared to the posttest calculation, which was initiated by a trip at 1.6 MPa
at 407 s. As system pressure increased with core quenching, the accumulator
flcw ceased, witn a second period of flow around 500 s. An offsct of approxi-
mately 100 s for the test data corresponds to the pressure delay of Fig. 4,

Figures 6 through 9 show conditions around the break. The increase in
bireak flow (Fig. 6) for the test at 50 s was postulated to be caused by flash-
ing iy the intact-loop steam- generator primary, forcing flow through the
Lroken-loop hot leg.b This increase in flow following accumulator injection
is slight for posttest calculations compared to the test and pretest calcula
tion. The posttest break flow is underpredicted, consistent with the overpre.
diction of system pressure. The density on the pump side in the tee adjacent
to the break (Fig. 7) was consistently lower for the calculated cases until
accumaldator injection occurred, when the pretest calculation curve rose Lo
intersect the test density, and then vemained higher after 4%0 s for the re-
mainder of the test, The steady- state make up flow in the broken-loop cold
leg was inadvertently left on during the first J50 5 of the transient test.
This resulted in 0.0373 kg/s of ambient water boing injected upstream of the
break. Posttest calculations with RETAPM by the Idaho National Engincering
Laboratory showed an instgnificant effect on the primary system prvasurnf
The mete up flow was not inc luded in the TRAC model; if inc luded, it could



TABLE IV
SEQUENCE OF EVENTS FOR SEMISCALE TEST S-07-10D

Time (s)

Event Test Pretest Posttest
Initiate transient by opening break 0.0 0.0 0.0
12.41 MPa pressurizer pressure trip to 6.8 6.3 6.7
initiate core power decay, pump coast-
down and steam generator isolation
Broken-1oop steam-generator feedwater 10 9.3 9.5
at zero flow
Intact-loop steam-generator steam line 21 20 23
valve closes
Pressurizer empties 20 20 20
Pumps stop 79 75.3 77
Core dryout occurs and cladding 268 172 210
temperature starts to increase
Core voidedd 435 330 412
HPIS and accumulator injection begin 458 364 407
Cladding temperatures turn over 468 377 a15
Core quenched 525 a4/ 500
Significant LPIS injection begins 560 468 K07

Toiding 1s based on the calculated liquid volume fgaction and the measured
differential pressures, densities, and velozities. For the posttest
analysis, the core is not completely voided, but the minimum Viquid volume
fraction of 0.13 is reached before ECC injection (Fig. 14).



have improved the agreement. The make-up flow was not left on during the
transient for the S-07-10B test, and the measured density in the broken-1oop
cold leg was lower than was measured in the S-07-10D test. This apparent in-
consistency indicates that the density was affected by other (unknown) param-
eters more strongly than by the make-up flow. The density on the vessel side
of the break (Fig. 8) shows a somewhat opposite effect, with a higher density
consistently calculated after about 50 s until 200 s where the curves converge.
Figure 9 shows a calculated flow reversal in the broken-loop primary pipina
between the vessel and the break at about 40 s in the posttest calculation and
at 70 s in the pretest calculation, until about 180 s when both flows became
approximately zero.

Conditions at the broken-loop steam generator are shown in Figs. 10
and 11. The steam dome pressure was specified for the steady-state and tran-
sient posttest calculation, but was calculated for the pretest. T!ie poor match
shown in Fig. 10 for the pretest calculation may be caused by lack of informa-
tion about the steam-line geometry and the unknown quality of steam leaving
the secondary., The effect of this is readily seen in Fiq. 11 where the post-
test calculated primary fluid exit temperatures are close *o the test values,
but the pretest calculations diverge from them. As the tubes voided, the heat
transfer from the primary to the secondary decreased and the secondary side
became a heat source by 190 s.

The remaining figures depict vessel behavior. The downcomer liquid volume
fraction (Fig. 12) shows the downcomer slowly emptying until the accumulator
and High Pressure Injection System (HPIS) flow began, when it filled rapidly.
As the core began to quench, liquid was forced out of the downcomer by flow
oscillations. The differences between pretest and posttest calculations were
caused by (1) friction added to the posttest model and (2) a lower pressure
trip for the pretest model. The liquid temperature (Fig. 13) followed the
saturation temperature unti! the downcomer was filled with subcooled water,
Heat transfer from the walls and flow from the core subsequently caused a slow
warming of the liquid. The second period of accumulator injection around 500 s
was followed by a second warming trend.

The core liquid volume fraction and the upper plenum liquid volume frac-
tion (Figs. 14 and 15) show the same slow emptying and rapid refill that typi-
fied the downcomer. The start of oscillations in the posttest calculations
coincide with the start of significant LPIS injection at 507 s, and the 8-s
period calculated by TRAC corresponds to the expected period for manometer
oscillation with the liquid length extending from the cold leg iniet in the
downcomer to the vessel upper plenum. The oscillations also show up in the
core inlet mass flow rate (Fig. 16), with flow reversals occurring as the
liquid sltoshes back and forth, The core inlet mass flow follows the test data
reasonably well except that the meaisured flow is slightly greater after 100 s,
Oscillations in the measured flow are present, butl with lower amplitude than
calculated.

The posttest high-power-rod cladding temperature at several levels is
shown in Fig. 17. Both the low- and high-power rods illustrate the early
responte and higher temperatures achieved necar the midplane where power gener.
ation is greatest, Cladding teiperatures turned over at 377 s for the pretest



calculation, 415 s for the posttest calculation, and 468 s for the test. The
peak cladding temperaiures for pretest, test, and posttest were 1249, 1145,
and 1195 K, respectively. in the high-poewer rods. The timing for the peak
cladding temperature is highly dependent on the time of ECC injectien.

Figure 18 illustrates a "typical" cladding temperature vs time profile
for the high-power rod. The core elevation was not precisely the same for
pretest, posttest, and test results; however, it can be seen that the posttest
results are intermediace in time, indicating a strong dependence on the de-
pressurization rate.

V.  CONCLUSIONS

The posttest calculation values were generally between those obtained
from pretest calculations and test data. The calculated results appear to be
conservative; that is, higher clad temperatures are calculated that are the
result of faster depressurization. The results are strongly dependent on ue-
pressurization rate and, hence, on break flow. The TRAC-PD2 program appears
capable of predicting mass distribution and system behavior reasonably well.
We feel, however, that the comparison of calculated and test results would
have been closer if a critical flow model had been available for the small
break.
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Fig. 10. Broken-loop steam gencrator steam dome

pressure,



Liquid Temperoture (K)
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Fig. 11. Broken-loop steam generator liquid
temperature.
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Fig. 12.

Powncomer 1iquid volume fraction,



Downcomer Average Liquid Temperature (K)
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Fig. 13, Downcomer averaqe 11quid temperature.
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Fg. 14, Core Mquid volume fraction,




Upper—Plenum Liquid Volume Fraoclion
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Fig. 15. Upper-pienum 1iquid volume fraction.
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Fig. 16, Core inlet Tigquid masy flow,



Rod Temperature (K)

Rod Terpers’ure (K)
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Fig. 17. Rod temperature at various elevations.
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Fig. 18, Comparison of calculated and measured
high=power rod temperature,




